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Morphologically intermediate plants between Arisaema sikokianum Franch. & Sav. and A. tosaense 
Makino were newly found in Tokushima Prefecture, Shikoku, Japan. Molecular analysis using PCR- 
RFLP of internal transcribed spacer (ITS) in nuclear DNA (nrDNA) indicated that these putative hybrids 
have a combined pattern of the two putative parental species. Moreover, the sequence results of chloro¬ 
plast DNA (cpDNA) analysis of the putative hybrids were on the whole identical with both A. sikokianum 
or A. tosaense. The results suggest that the plants are hybrids between A. sikokianum and A. tosaense and 
that they have exchanged genes with the two parental species. 
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The genus Arisaema Martius (Araceae), 
which has a large, often colored and conspicuous 
bract (spathe), subtending and enveloping a bi¬ 
sexual or unisexual spadix with numerous small 
flowers, comprises approx. 25 species in Japan 
(Ohashi 1982). Within the Japanese Archipelago, 
Shikoku is remarkable in harboring many en¬ 
demic and semiendemic species of the genus. 
Among them, Arisaema sikokianum Franch. & 
Sav. is characteristic. It has a conspicuous spathe, 
smoky purple at the base, a snow white cup and a 
large hood with purple, green and white stripes 
and leaves with three to five leaflets (Fig. 1 A, See 
detail Table 1). Arisaema tosaense Makino has a 
characteristic green spathe extending to approx. 


30-45 cm before it bends downward to the ground 
and has leaves with 7 to 11 leaflets (Fig. IB, Table 
1). Because there are clear morphological distinc¬ 
tions between those two species, they can be dis¬ 
tinguished easily in the field even when growing 
together. Both species occur in Shikoku and adja¬ 
cent areas of Japan (Ohashi 1982). In Kochi Pre¬ 
fecture, A. sikokianum and A. tosaense grow 
sympatrically in shaded forests, but the habitat of 
each is a little different. We noted that A tosaense 
occurs with A. sikokianum or at higher elevations 
than A. sikokianum. The flowering phenology of 
the two species overlaps slightly in the mountains 
(Table 1). Ohashi (1982) and Kobayashi (2009) re¬ 
ported interspecific hybrids between these two 
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Fig. 1. Species of Arisaema examined in this study. A: A. sikokiamim (sample No. 1). B: A. tosaense (sample No. 8). C: putative 
hybrid (sample No. 5). D: putative hybrid (sample No. 7). Sample numbers corresponded to numbers in Table 2. 


Table 1. Morphological characteristics of sample used 

in this study. 




Trait 

A. sikokianum 

I 

Putative hybrid 

II 

III 

A. tosaense 

Leaf Characteristics 

Leaflets 

3 to 5 

9 

7 

7 

7 to 11 

Reproductive Characteristics 

Spathe Tip Direction 

Upward 

Upward 

Drooping 

Drooping 

Drooping 

Spathe Color 

Purple 

Purple 

Green 

Green 

Green 

Appendage Shape 

Capitate 

Capitate 

Cylindrical 

Capitate 

Cylindrical 

Appendage Color 

White 

White 

Green 

Green 

Green 

Flowering Phenology 

April to May 

Early June 

Early June 

Early June 

Late May to June 
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species only in Kochi Prefecture. The area of may occur between these two species, 
sympatry of the two species, however, extends 

over a wide range in Shikoku, but hybridization Materials and Methods 

in other areas has not been reported until now, 

where we discuss putative hybrids of A. sikokia- Morphologically intermediate plants between 
num and A tosaense (Fig. 1 D) in Tokushima Pre- Arisaema sikokianum and A tosaense were found 

fecture, Shikoku (Fig. 2III) as well as at a locality at three localities shown in Fig. 2, two of them in 

(Fig. 211) previously reported by Murata (1962). Kochi Prefecture and one in Tokushima Prefec- 

To clarify maternal and paternal parents of the ture (Table 2). All of the hybrids were found with 

putative hybrid, we conducted molecular analy- A. sikokianum and A. tosaense. Voucher speci- 

ses using nuclear DNA (nrDNA) and chloroplast mens are deposited in the herbarium of Makino 

DNA (cpDNA) sequences. Our findings in hy- Botanical Garden, Kochi (MBK). 

brids at localities different from those reported For the molecular analyses, total DNA was 
previously suggests that extensive hybridization isolated from 200-300 mg of leaves using a Plant 



130° 135° 140° 145° 


Fig. 2. Sampling localities of putative hybrids of Arisaema sikokianum and A. tosaense. I: Kochi Prefi, Aki City, Doi. II: Kochi 
Prefi, Aki City, Ochiai. along the Suginokuma river. Ill: Tokushima Prefi. Naka-gun, Naka-cho. along the Senbon valley. 
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Table 2. Sample list. 


No. 

Species 

Locality 

Collector 

1 

Arisaema sikokianum 

Kochi Pref. Nankoku City, Nebiki-Pass 

HayH 

2 

A. sikokianum 

Kochi Pref. Kami City, Iwakai 

MuY, HA 

3 

A. sikokianum 

Tokushima Pref. Naka-Gun, Naka-Cho, Senbondani Valley 

HayH, MuY, MiY 

4 

A. sikokianum 

Kochi Pref. Aki City, Ochiai, Suginokuma River 

HayH 

5 

putative hybrid 

Kochi Pref. Aki City, Doi 

HamH 

6 

putative hybrid 

Kochi Pref. Aki City, Ochiai, Suginokuma River 

HamH 

7 

putative hybrid 

Tokushima Pref Naka-Gun, Naka-Cho, Senbondani Valley 

HamH 

8 

A. tosaense 

Tokushima Pref Naka-Gun, Naka-Cho, Senbondani Valley 

HayH, MuY, MiY 

9 

A. tosaense 

Kochi Pref. Aki City, Ochiai, Suginokuma River 

HayH 

10 

A. tosaense 

Kochi Pref. Nankoku City, Nebiki-Pass 

HayH 

11 

A. tosaense 

Kochi Pref. Kami City, Monobe-Cho 

HayH et al. 


HayH: Hayakawa H. MuY: Muramatsu Y. HA: Hirata A. MiY: Minamiya Y. HamH: Hamachi H. 


Genomic DNA Mini Kit (VIOGENE, Sunnyvale, 
USA), according to the manufacturer’s protocol. 
We amplified the internal transcribed spacer 
(ITS) region from nrDNA and the trnL intron 
from cpDNA with primers designed by White et 
al. (1990) and Taberlet et al. (1991), respectively. 
The isolated DNA was amplified by PCR in a 50 
//I reaction solution containing approximately 50 
ng total DNA, 10 mM Tris-HCl (pH 8.3), 50 mM 
KC1, 1.5 mM MgCl 2 , 0.2 mM of each dNTP, 1.25 
units Taq DNA polymerase (TaKaRa) and 0.5 //M 
of each primer. We used the following thermal 
cycle profile for amplification by the PCR Ther¬ 
mal Cycler Dice (TaKaRa): 1 min at 94°C, 2 min 
at 48°C, and 2 min at 72°C for 45 cycles, followed 
by 15 min of final extension at 72°C. We prelimi¬ 
narily sequenced the ITS region from the parental 
species to determine if different sequences could 
be used for verification of hybridization (Fig. 3). 
After amplification, the PCR products of the ITS 
region as well as the trnL intron were subjected to 
electrophoresis in 1% low-melting-temperature 
agarose gels to remove by-products and purify 
amplified products. We sequenced the purified 
PCR products using a BigDye Terminator ver. 3.1 
(Applied BioSystems) and ABI Prism 3100 Ge¬ 
netic Analyzer (Applied BioSystems) according 
to the manufacturer’s instructions. For sequenc¬ 
ing, we used the same primers as those used for 


amplification. 

For the ITS region, we carried out PCR-RFLP 
analysis after checking the sequencing results 
and alignments. The result of the alignments in¬ 
dicated that an autapomorphic character of the 
nrDNA was the restriction site Mse I. After desig¬ 
nating the restriction sites, the amplified products 
were digested by Mse I at 37°C for more than an 
hour. The digested DNAs were separated on 1.5% 
agarose gel and the size of each band was deter¬ 
mined. 

Results and Discussion 

From the results of the molecular analysis we 
determined that one putative hybrid individual 
occurred at each locality. Morphologically, of the 
putative hybrids one has a purple spathe and a 
white, capitate appendage (Fig. 1C), which is 
similar to Arisaema sikokianum, but the leaf has 
nine leaflets, which is similar to the leaf of A. to- 
saense (located on Fig. 21; Table 1). The second 
hybrid has a green spathe with an elongate tip and 
a cylindrical appendage, which is similar to that 
of A. tosaense, but the leaflets have the silhouette, 
width, serrations and non-elongate tip, similar to 
A. sikokianum (located on Fig. 211). The third hy¬ 
brid has a green spathe with an elongate tip (Fig. 
ID) similar to A. tosaense , but has a capitate ap- 
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A. sikokianum 

1 

A. tosaense 

1 

A. sikokianum 

61 

A. tosaense 

61 

A. sikokianum 

121 

A. tosaense 

120 

A. sikokianum 

181 

A. tosaense 

178 

A. sikokianum 

241 

A. tosaense 

238 

A. sikokianum 

301 

A. tosaense 

298 

A. sikokianum 

360 

A. tosaense 

358 

A. sikokianum 

419 

A. tosaense 

418 

A. sikokianum 

479 

A. tosaense 

478 

A. sikokianum 

539 

A. tosaense 

537 

A. sikokianum 

599 

A. tosaense 

597 


AT CCT ACCACTCGAGACACTCGCGAACGGTT GACCCCTACCATCTCGGAGGGGGGAGGAT 

.C. .. 

T CT CCTCG6GCT CT CGACT CCCTTCGAGAT AT TTTCCCT GCCTT CG6CACATT CGACCGG 

.T.C.A. 

TTGGAGCAATCTACACCGATCGGGTTGTCGACCGGCGGGACGATGAATCTTTCGGCGCGG 

. CTC....- .C. 

CAT GCGCCAAGGAAAACGGAAG T GAGGGCCCGCGTGATCCAT CTG TGCGGTGGT TGCACG 

.M. 


CGGT GTCTGT CACCCAAT ACGAAAT GAGljTTAAjAT GACT CCCGGCAACGGAT ATCT AGGC 

T CT CGCAT CGAT-GAAGAACGTAGCGAAATGCGATACGTGGTGTGAAT TGCAGAAT CCCG 

.T. 

T GAACCAT CGAAT CT TTGAACGCAAGT T GCGCCCGAGGCCTCTAGGC-GAGGGCACGCCT 

.C. 

GCCT GGGCGTCACGCCCCGCGT CGCT CCCTGACCCCCCACAGAGTGTGGGGTGG TGAGGG 

.C. 

AT GCGGAGAT TGGCCCACCGT GCACGTGCGCGGCAGGCTGAAGAACTCGGCCCTCCTGTC 

. A... -. 

JL 


GGGCGA|TCA/)CGGCGAGTGGT GGACAATGCT CAT CGT CGTCGTAGT GCACGCCCGT GCGC 
T. 


AAGGAT GGGC T GACCGT GAGGAACCCAATCATCGGAGAGACACGCT CATAT C 


60 

60 

120 

119 

180 

177 

240 

237 

300 

297 

359 

357 

418 

417 

478 

477 

538 

536 

598 

596 


Fig. 3. Expected restriction sites of Mse I for molecular characteristics of ITS regions by PCR-RFLP. M: restriction site. 


pendage, which is similar to A. sikokianum (lo¬ 
cated on Fig. 2III). Among the putative hybrids, 
the shape and color of the spathe and appendage 
have characteristics of both species, but do not 
share the same morphological features. 

The length of the ITS sequences of the nrD- 
NA is 650bp in Arisaema sikokianum and 648 bp 
in A. tosaense. The sequences have been depos¬ 
ited in DDBJ/EMBL/GenBank International 
DNA databases (A. sikokianum: AB513176; A. to¬ 
saense: AB513177). Based on the sequence data, 
we found the amplified ITS region of A. sikokia¬ 
num to have one Mse I site, while A. tosaense has 
two sites digested by this restriction enzyme (Fig. 
3). We conducted PCR-RFLP to obtain further 
evidence of their hybrid nature. The digestion 
patterns of all samples of A. sikokianum and A. 
tosaense showed the expected patterns, and all 
putative hybrids showed the combined patterns of 


A. sikokianum and A. tosaense (Fig. 4). We there¬ 
fore confirmed that the putative hybrids were tru¬ 
ly hybrids between A. sikokianum and A. to¬ 
saense. 

In the molecular phylogenetic analysis of cp- 
DNA of Arisaema, Renner et al. (2004) indicated 
that there were no sequence differences between 
A. sikokianum and A. tosaense in the trnL-F in- 
tergenic spacer. Many regions of cpDNA have 
been reported to have nucleotide substitution 
rates that are sufficiently high to facilitate the elu¬ 
cidation of relationships among closely related 
species (e.g., Soltis & Soltis 1998). Of these, some 
studies have suggested that the trnL intron is an 
efficient region for detecting sequence differenc¬ 
es among closely related species of various plant 
taxa (e.g., Fukuda et al. 2001, Yamashiro et al. 
2004). We therefore determined partial sequenc¬ 
es for this region for A. sikokianum and A. to- 
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cpDNA 

type 

M 


A. sikokianum 
S S S S 
12 3 4 


Putative 

hybrid 

S S T 

7 6 5 


A. tosaense 

T T T T 

8 9 10 11 



Fig. 4. PCR-RFLP profile of Arisaema sikokianum, A. tosaense and putative hybrids. Arrows indicate expected fragments of 
both A. sikokianum and A. tosaense. M: size marker. Sample numbers and cpDNA types corresponded to numbers and 
types in Table 2 and Table 3, respectively. 


A. sikokianum 

1 

A. tosaense 

1 

A. sikokianum 

61 

A. tosaense 

61 

A. sikokianum 

121 

A. tosaense 

121 

A. sikokianum 

181 

A. tosaense 

181 

A. sikokianum 

241 

A. tosaense 

241 

A. sikokianum 

301 

A. tosaense 

301 

A. sikokianum 

344 

A. tosaense 

361 

A. sikokianum 

404 

A. tosaense 

421 


T GGTAT GGAACCT ACTAAGT GGTAACTTCCAAACT CAGAGAAACCCT GGAAT AAAAAATG 60 
. 60 

GGCAATCCTGAGCCAAATCCTT6TTTTTTTTT6AGAAAAAAGGATAGGT6CAGAGACTCG 120 
. 120 

ATGGAAGCTGTTCTAACAAATGGAGTTGATTGCATTGCGTTGGTAGCTGGAATTCTTCTT 180 
... 180 

TCTATCTAAATTACAGAAAAGATAACCCTATATACCTAATACGCACGTATATATACTGAC 240 
. 240 

ATATCAAACGATTAATCACGACCCCAATCCATAATTATTATTTTTATTTATATTTTTATT 300 
. 300 

TATAATTTATATAAATTTA-ATATAATATATATAATAAATTAAA 343 

.TAATTTATATAAATTTA. 360 

TTATAATATATAATT ATAAT ATATAAAATT ATAAT AT ATAAT ATATATTAAGTTAAATAT 403 
. 420 

AAT AAATATAATATAAATAT AATATTAAAT ATAAT AT ATATAATAAA 


Fig. 5. Results of alignment of trnL intron sequences of Arisaema sikokianum and A. tosaense. 


saense and found the length to be 450 bp in A. 
sikokianum and 467 bp in A. tosaense , indicating 
a 17 bp-insertion or deletion (indel) in the se¬ 
quence of A. sikokianum (Fig. 5); the sequences 
have been deposited in DDBJ/EMBL/GenBank 
International DNA databases (A. sikokianum : 
AB513178; A. tosaense: AB513179). Moreover, 


this deletion was conserved in all individuals we 
examined of A. sikokianum. The trnL intron re¬ 
gion is therefore a good molecular marker for dis¬ 
tinguishing A. sikokianum from other species of 
Arisaema in Shikoku (data not shown). In the pu¬ 
tative hybrids, the sequence results from the cp¬ 
DNA analyses were identical to either A sikokia- 
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Table 3. Genotype of sample used in this study. 


Species 

Locality 

nrDNA 

cpDNA 

Arisaema sikokianum 


S 

S 

Putative hybrid 

I 

S/T 

T 


n 

S/T 

S 


m 

S/T 

S 

A. tosaense 


T 

T 


S: A. sikokianum type. T: A. tosaense type. 


num or A. tosaense (Table 3), indicating that the 
hybrids had different maternal parents and that 
hybridization has occurred bidirectionally. 

In considering the morphological diversity 
and the bidirectionally pollination patterns in the 
hybrids, backcrossing and/or introgression may 
be suspected. More detailed investigations are 
needed to determine these possibilities. 

Fifteen putative natural hybrids have been re¬ 
ported in Arisaema (Murata 1962, Serizawa 1975, 
Ohno & Tsukada 1986, Murata & Ohno 1989, 
Kobayashi et al. 2005). Moreover, in Shikoku, 
Maki & Murata (2001) indicated that Arisaema 
ehimense J. Murata & Ohno is of hybrid origin 
between A. serratum (Thunb.) Schott and A. to¬ 
saense based on allozyme analysis. Those reports 
along with our findings suggest that hybrid spe- 
ciation and/or reticulate evolution might have 
been occurred among A. tosaense, A. sikokianum 
and A serratum in Shikoku. 

We wish to thank N. Tanaka, curator of the MBK herbar¬ 
ium, for allowing us to examine specimens of Arisaema, 
and R. Arakawa, J. Tsukamoto, T. Ichie, K. Ohga, N. Yo- 
koyama and Y. Yoshimi for providing much help. This 
study was partly supported by a Grant-in-Aid for Scien¬ 
tific Research from the Ministry of Education, Science 
and Culture of Japan. 
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